ABSTRACT: The weedy seadragon Phyllopteryx taeniolatus is a vulnerable and endemic Australian fish and also an icon and flagship species for marine conservation. However, little is known about its population dynamics, which hinders the establishment of conservation policies. We have previously demonstrated seadragons to be highly site-attached, so we estimated population densities, growth and survival of weedy seadragons using mark-recapture techniques at 5 sites in New South Wales (NSW, 34°S) and Tasmania (TAS, 43°S), near the northern and southeastern limit of distribution for the species, over a 7 yr period. Population densities varied from ca. 10 to 70 seadragons ha -1 depending on site and year. There was a significant decline in the number of weedy seadragon sightings per unit area . Birth occurred approximately 3 mo later and seadragons exhibited significant slower growth in TAS (maximum adult size × growth rate parameter, L ∞ × k = 31.02) compared to NSW (L ∞ × k = 55.15). This study is the first population assessment of seadragons over ecologically relevant spatial and temporal scales, and shows differences in the dynamics of populations at different latitudes. It also shows declines in some populations at widely separated sites. Determining whether these declines are natural interannual fluctuations or whether they are caused by environmental or habitat changes must be a priority for conservation.
INTRODUCTION
In the world's oceans, human impacts have been substantial, leading to concerns about the extinction of marine taxa (Dulvy et al. 2003) . These concerns have created the need to identify which species are at risk of extinction (Hutchings 2001 , Dulvy et al. 2004 ) and design proper management strategies (Beissinger & Westphal 1998 , King & Mcfarlane 2003 . Extinction risk can be assessed based on knowledge of life history and ecology, examining changes in abundance, and using demographic analysis (Dulvy et al. 2004) . Such assessment has been considerably aided by the use of individual tagging and monitoring. Burnham et al. (1987) and Lebreton et al. (1992) provide guidelines for capture-mark-recapture (CMR) data analysis and these methods are now generally used to estimate a wealth of demographic parameters such as abun-dance, recruitment, survival rates, immigration rates and population growth rates in fish, birds, mammals and amphibians. These demographic data are particularly important for flagship species, those used in conservation to raise public awareness, action and funding (Zacharias & Roff 2001 , Caro et al. 2004 .
The syngnathid fish weedy seadragon Phyllopteryx taeniolatus is a flagship species restricted to the seaweed beds of southern Australia. They are popular and charismatic organisms due to their size, colorful appearance, and unusual life history characteristics including male brooding of eggs. However, the weedy seadragon might be a threatened species on its way to being endangered, because of its life history, including low fecundity and small home ranges (SanchezCamara & Booth 2004 , Sanchez-Camara et al. 2005 , and due to its endemic nature. It might also be a good indicator of the condition of the habitat because of the dependence of seadragons on seaweed beds (Sanchez-Camara et al. 2006 ) and because they are highly sensitive to changes in temperature, salinity and water quality (Koldewey 2005) . Although the species is well protected by legislation (Connolly 2006) , the habitat of P. taeniolatus has been adversely affected by shoreline alterations and by pollution. The degradation is worst near major urban centers such as Sydney, raising concerns about the current state of seadragon populations (Connolly 2006) . In Tasmania, the increase of sea urchins Centrostephanus rodgersii, due to harvesting of rock lobster and climate change, reduces the abundance of kelp and other macroalgae through the formation of urchin barrens ) and this reduction in macroalgae could adversely affect seadragons. The abundance of seadragons might have been affected by significant habitat degradation and loss in other areas of Australia as well. These concerns have led to a recent change in the status of P. taeniolatus in the IUCN Red List of Threatened species from Data Deficient to Near Threatened (Connolly 2006) which means that it is likely to qualify for a threatened category in the near future. In fact, it is precisely the lack of trend data that prevents seadragons from meeting any of the threatened categories.
Previous studies have provided data on the life history of Phyllopteryx taeniolatus, including population structure, site fidelity, movement patterns, reproductive ecology, recruitment and growth, habitat use and behaviour (Sanchez-Camara & Booth 2004 , SanchezCamara et al. 2005 , 2006 . However, these investigations were performed on the time frame of ca. 1 yr, which hindered the assessment of demographic trends. The aim of the present study was to build on previous results using longer term CMR data, collected from 2001 to 2009, and compare demographic characteristics between 2 widely separated locations. These findings should represent the basis for management policies in order to prevent this 'near threatened species' from becoming a truly endangered species.
MATERIALS AND METHODS
Study species. The weedy seadragon Phyllopteryx taeniolatus is a syngnathid fish endemic to southern Australian waters. It is found along much of the southern Australian coastline, from Port Stephens, New South Wales (NSW) (32°38' S) southwards to Actaeon Island, Tasmania (TAS) (43°32' S) and westwards through Victoria and South Australia to Geraldton, Western Australia (28°46' S) (Pogonoski et al. 2002) . Weedy seadragons have elongate, non-prehensile tails and can grow up to 45 cm in length. Males are responsible for the offspring that they fertilize and incubate on the outside of the tail with each egg partly embedded in the skin (Kuiter 2000) . They live among the larger algae on exposed reefs and feed mainly on mysid crustaceans (Edgar 2000) .
Populations studied in NSW lived in resident groups throughout the year with males, females and juveniles occupying broadly overlapping home ranges. They breed from approximately June to January with a peak of brooding males at the end of the season. Males breed once or twice per breeding season with gestation periods of 30 to 38 d (Sanchez-Camara & Booth 2004) . Juvenile individuals appear in the residence areas from November to March measuring ca. 15 cm (Sanchez-Camara et al. 2005) .
Study sites. Most of this study was carried out during 2004 and 2007 at 3 sites around Sydney, NSW (Site 1, 34°00' 04'' S, 151°13' 24'' E; Site 2, 34°00' 07'' S, 151°13' 06'' E; Site 3, 33°53' 33'' S, 151°16' 56'' E; Fig. 1a,b) . Previous studies were conducted in these same sites during 2001 (see Sanchez-Camara & Booth 2004 , and in the present study we take advantage of this previous information to analyze longerterm trends. Sites 1 and 2 are at Kurnell, in Botany Bay, an increasingly industrialized bay with Sydney's airport and major port facility on the shoreline. Potential threats to the kelp habitats and site water quality have come from construction and operation of a new desalination plant and several pipelines across nearby seagrass, as well as expansion of Australia's busiest seaport 5 km across Botany Bay. Site 3 is located in North Bondi, an exposed rocky reef only a few kilometers from the Sydney city centre. Additional occasional surveys were conducted around Sydney searching for tagged seadragons outside the tagging areas. In order to compare seadragon populations from different latitudinal ranges, fieldwork was also conducted in 2003, 2004 and 2009 in TAS, at Kingston Beach (Site 4, 42°59' 03'' S, 147°19' 34'' E) and Blackman's Bay (Site 5, 43°00' 02'' S, 147°19' 41'' E; Fig. 1a,c) .
At Sites 1 to 3 we used permanent transects parallel to shore and 350 m in length, following the reef edge that were set up in the study of 2001 (see Sanchez-Camara & Booth 2004 . Estimated area covered was 1 ha for each site (see SanchezCamara et al. 2006) . At Sites 4 and 5, transects parallel to the shore at the reef/sand interface were surveyed and site dimensions estimated using a GPS unit into a waterproof case that was towed on the surface. We covered an area similar in size to that of Sites 1 to 3. Sampling and tagging protocol. All tagging and observations were conducted using SCUBA (following Sanchez-Camara & Booth 2004) . On each dive at the NSW sites, the transect was followed from one end to the other with constant short incursions into the rocky reef and the sand flat. Seadragons were tagged with VIFE injectors (Visual Implant Fluorescent Elastomer®, Northwest Marine Technologies). The tagging was done in situ by gently restraining the animal with one hand and injecting the tagging material with the other. Additional individuals, especially recruits, were identified by their pattern of appendages, allowing estimation of recruitment and movement patterns. However, this method was not suitable for long-term study and these individuals were not considered in the mark-recapture analysis.
On each dive, sighted seadragons were checked for tags using an UV torch. Natural marks and appendages of all fish seen were noted to later corroborate tag identification and to avoid double-counting of untagged fish on the same dive. Seadragons were measured (standard length, L s ) following SanchezCámara et al. (2005) .
Data analyses. In the 3 NSW sites (1-3), we analyzed temporal changes in the number of sightings ha -1 made during each dive, assuming that the site area (transect width ca. 28 m) was fully searched when covering the transect both ways, one way covering the kelp-sand limit and the other way covering the kelp area. The time spent on each survey was dependent on the level of complexity of the habitat, mainly related to kelp development, so we were confident that our ability to find seadragons was equivalent in the different sites and among years. We used ANOVA to compare the sightings per area of all surveys at each site using the different time periods as the categorical variable. Normality and homogeneity of variances of the data were assessed by Kolmogorov-Smirnov and Bartlett tests, respectively. When our untransformed data did not fulfill these assumptions (detailed in Results), rank transformed data were used in the analyses (Potvin & Roff 1993) . All analyses were performed with Sigmastat v3.1.
Population size estimates using the Schnabel and the Schumacher-Eschmeyer method (an extension of the Petersen estimator to a series of samples, based on the proportion of marked animals present in the sample) were calculated for the different sites and sample periods (Krebs 1999) . This method assumes that the populations are closed over the time period concerned, which we considered a reasonable approximation over these relatively short time periods. These estimates were translated to density estimates by dividing by the area surveyed at each site. However, when there were few data, these estimates included large confidence intervals and in one case (Site 4, 2009, Schumacher-Eschmeyer method) it was impossible to reliably estimate density.
With the mark-recapture data we estimated apparent survival (φ) and encounter probability (p) of seadragons at each site using a Cormack-Jolly-Seber (CJS) model of open populations as implemented in program MARK (White & Burnham 1999 ). The CJS model was chosen because, while the more general Jolly-Seber model can be used to estimate population size and the number of new individuals entering the population, it can be difficult to avoid bias in these estimates because of individual heterogeneity (White et al. 1982 ). Other models, including the robust design (Kendall et al. 1997) , were investigated but the data structure of the encounter history matrix did not allow robust estimation of life history parameters. A set of candidate models were generated for each site including the full models (i.e. dependent on time and group), and reduced models with time and group-independent apparent survival φ(.) and encounter probability p(.), time-dependent apparent survival φ( t ) and encounter probability p( t ) and group-specific (male, female, juvenile) apparent survival φ( g ) and encounter probability p( g ). Bootstrap goodness-of-fit tests were implemented with the MARK program. Where these tests indicated significant extra binomial variation, the variance inflation factor ĉ was estimated and used to adjust the model outputs (see Cooch & White 2010) . The Akaike Information Criterion (AIC) for each model was compared to indicate the degree of support. The apparent survival and encounter probabilities were estimated for all models with model likelihoods > 0.20 (Cooch & White 2010 ).
We calculated a growth curve following the wellknown von Bertalanffy (VB) equation (von Bertalanffy 1938) :
where L t is the size (in our case, standard length in cm) of an individual of age t (yr), L ∞ is the maximal size attained at adulthood, L 0 is the size at birth and k is a growth rate parameter. In a previous study (SanchezCamara et al. 2005) we provided a VB growth function calculated on data from recruits and juveniles at the NSW sites (1-3) during 2001 to 2002. Now we have gathered a larger dataset by considering all individuals that could be assigned to a given cohort in all sites over the study years, and including all measures available for them, so we have a larger number of individuals and a much longer temporal frame to estimate more accurately the parameters of the VB function. We calculated the growth functions for NSW and for TAS separately.
The VB function has 3 parameters (L ∞, L 0 , and k). In addition, we need to estimate a date of birth to determine the exact age. The 4 parameters were estimated simultaneously for the NSW populations, for which we had more data; while for TAS some parameters had to be set to pre-established values to obtain reliable esti-mates for the remaining parameters (see Results). The growth function parameters that maximized the fit of our data to the equation were estimated using a nonlinear iterative procedure (NONLIN module of the program Systat v. 11 with least squares estimation and using a quasi-Newton algorithm).
RESULTS

Population abundances and temporal trends
Overall, 210 dives and 456 diving hours were performed across all sites and years. At NSW sites, number of dives each year (2001, 2002, 2004, 2007) were 40, 16, 22, 6 for Site 1; 22, 12, 22, 5 for Site 2 and 1, 10, 16, 1 for Site 3. At TAS sites, number of dives each year (2003, 2004, 2009) Additionally, a number of recruits (settled young of the year) were individually identified by appendages due to the difficulty of tagging small specimens. The cohorts of those recruits will be identified with the notation Y00-01 (i.e. young from the season 2000 to 2001), Y01-02, etc. indicating the breeding season in which the animals were born.
There was a temporal trend across years of decreasing numbers of seadragons seen over the study at Sites 1, 2 and 4 (Fig. 2a,b,d ) but not at Sites 3 and 5 (Fig. 2c,e) . At Site 1, the ANOVA analyses showed a significant change over time (F (2,76) = 6.973, p = 0.002, rank-transformed data). The post hoc comparisons The number of males and females seen per area searched are shown for the 3 NSW sites (Fig. 3) . A trend of decline in the number of males, but not of females, can be observed at Site 2. However, no significant interaction was found between year and sex (male, female, juvenile) (Site 1, F (9,300) = 1.776, p = 0.072; Site 2, F (9,220) = 1.810, p = 0.068, rank-transformed data; Site 3, F (9,96) = 1.1946, p = 0.308). The factor sex was significant at all 3 NSW sites (Site 1, F (3,320) = 41.184, p < 0.001; Site 2, F (3,220) = 40.652, p < 0.001; Site 3, F (3,96) = 6.522, p < 0.001); in all cases there were significantly fewer sightings of juveniles compared to males and females (SNK test). Due to the lower number of observations and the fact that the sex was not determined for some seadragons in 2003 and 2004, these analyses could not be done for Tasmanian sites.
Population estimates using the Schnabel and Schmacher-Eschmeyer methods are shown in Table 1 (Table 1) .
Survival and encounter rates
Summaries of the most likely models explaining the patterns of mark-recapture are given in Table 2 . At Site 1 the best supported model was φ( g ) p( g ), with higher apparent survival and lower encounter probabilities for juveniles compared to adults. Males had a slightly lower survival rate and probability of encounter compared to females. At Sites 2, 3 and 4 the best supported models were φ(.) p(.), with no differences in apparent survival or encounter probabilities among any of the groups. At Site 5, both the φ( g ) p(.), with potential differences in apparent survival between males and females, and φ(.) p(.) models were well supported. We suggest that the model φ(.) p(.) is the correct model for this site but that fewer marked animals and less diving effort compared to other sites biased the results. Apparent survival rates were higher for TAS sites There were considerable differences in persistence between males, females and juveniles in NSW. Of the Y00-01 juveniles initially tagged in 2001, 50% were later seen in November to December 2004, while this number decreased to 31% for females and only 7% for males (Fig. 4) . These females and males were tagged in 2001 at over 33 cm in length and an expected age over 2 yr. Therefore, they were more than 5 yr old when they were subsequently observed in December 2004. (cohort Y02-03). Therefore, it is the oldest seadragon we can report in this study, with an estimated age over 8 yr.
Site fidelity and longevity
Growth
Fifteen recruits from the breeding season Y00-01, 10 from Y01-02, 22 from Y03-04 and 1 from Y04-05 could be identified at the NSW sites. Two recruits from Y01-02 and 4 from Y02-03 were also identified and measured at TAS sites. We used all measures made on these identified recruits in subsequent observations to estimate a growth curve (Fig. 5) . In NSW the number of observations allowed us to make iterative estimates of all parameters simultaneously. Although the birth date likely varied among individuals and years, in order to be able to use all observations we had to include in the equation the estimate of a common birth date that maximized the fit of the growth function to the data. This estimate was that, on average, the seadragons in the Sydney area were born the 24 October. The estimate of the growth rate k obtained was 1.52 yr -1 (95% CI = 1.27-1.78); L 0 was estimated at 3.33 cm (0.087-6.57), and the L ∞ estimate was 36.28 cm (35.15-37.42 ). The r 2 of the regression was 0.936. Thus, the VB growth curve obtained was:
The value estimated for L 0 (size at birth) was reassuringly close to the 3.2 cm actually measured in aquarium by Forsgren & Lowe (2006) . The asymptotic size (L ∞ ), on the other hand, was almost coincident with the overall mean adult (individuals over 2 yr old and 33 cm whose sex could be visually determined) size that we recorded in the area (L s = 36.29 ± 0.34 cm; mean ± SE). For TAS sites, due to much fewer data available, we could not estimate all parameters simultaneously and reliably (evidenced in a lack of convergence and/or stability in the estimates). In particular, we lacked aged individuals older than 3 yr, which could result in an underestimation of L ∞. We therefore decided to use 3.2 cm (from Forsgren & Lowe 2006) as L 0 value, and to use as L ∞ the mean of adult sizes observed in the area (34.07 ± 0.39 cm), while estimating the remaining parameters (k and common birth date). The estimate of k obtained was 0.91 yr -1 (95% CI = 0.70-1.14; r 2 of the regression = 0.915) (Fig. 5) . The estimation that maximizes our fit of the growth curve is that, on average, birth date was January 24.
DISCUSSION
Weedy seadragons are not only potentially vulnerable and endemic Australian fishes but also fish icons and flagship species for marine conservation. We provide trend data on abundances, and mark-recapture estimates of density, survival and growth based on data collected over a 7 yr period and between locations separated by more than 1000 km. There were clear differences in the demographics among populations of different latitudes. We estimated that southern (TAS) seadragons were born later in the season, had slower growth, and attained a smaller standard length but had higher survival rates and an increased life expectancy compared to those from NSW. Several possible hypotheses could explain the population abundance declines for weedy seadragons seen in this study. First, natural interannual fluctuations in recruitment may have occurred and our initial sampling may have been after periods of high recruitment success, such that subsequent declines were due to recruitment failure and natural mortality. In both temperate and tropical regions, the settlement of post-larval fishes has been reported to fluctuate significantly between years (e.g. Shulman 1985 , Doherty & Williams 1988 . In seahorses, there is considerable anecdotal evidence of 'boom and bust' cycles and a few population studies documenting these fluctuations ( Alternatively, seadragons may have responded to environmental or habitat changes. Seadragons are highly sensitive to variables such as water quality, temperature and salinity (Koldewey 2005) and have a strong dependence on macroalgal habitats (SanchezCamara et al. 2006 ). Disease may have been a contributing factor. In NSW, we observed a disease that appeared as erosions or ulcerations of the epidermis that could have had an effect on the populations. For instance, this disease affected 16% of the seadragons sighted in the Botany Bay area in March to April 2004. Similar lesions causing death have been observed in captive-bred seadragons produced by ciliated parasites (Koldewey 2005 , Rossteuscher et al. 2008 . Although the effects and causes of this disease were beyond the scope of this work, Botany Bay is an increasingly industrialized area near the northeastern limit of distribution of the species and Australian temperate waters are a hot spot in climate change (Ridgway 2007 , Figueira et al. 2009 .
Overall, at all sites and time periods, mark-recapture density estimates roughly varied from 10 to 70 seadragons ha -1 in NSW, and 15 to 34 seadragons ha -1 in TAS. These densities are 1 to 3 orders of magnitude lower than those reported world-wide for seahorse and pipefish species (Foster & Vincent 2004 , Moreau & Vincent 2004 , Martin-Smith & Vincent 2005 , Curtis & Vincent 2006 . Even the less widespread leafy seadragon Phycodurus eques was reported to occur at a density of 57 individuals ha -1 in South Australia (Connolly et al. 2002) . In our study, density estimates based in markrecapture data are in general higher than those obtained by direct sightings underwater (compare Table 1 and Fig. 2) . We have used the latter variable to analyze trends over time because we have many replicates (surveys) performed in the same way. We do, however, favour the mark-recapture approach for reliable density estimations. While transect measures are sensitive to differences in divers' ability, swimming speed, habitat complexity and other factors that influence sightability, mark-recapture methods, which are based on proportions of tagged vs. untagged animals seen, partition out sightability and survival and allow a more accurate estimation of population size if the appropriate assumptions are met (Arnstrup et al. 2005) . Not surprisingly, with this method, abundances are higher that those estimated with direct methods, which do not necessarily detect all animals present.
Adults had high site fidelity over multiple years so it is reasonable to assume that the apparent survival rate φ is a useful approximation to adult survival rate and that the decrease in re-sightings of marked seadragons observed over years was mostly due to natural death of the ageing cohorts. Apparent survival rates at TAS sites were 9 to 25% higher than those measured in NSW. Higher survival rates at higher latitudes are a common occurrence in many fish species (Pauly 1980) . Annual survival rates were double those found for the seahorse Hippocampus guttulatus (Curtis & Vincent 2006) . The lifespans found in this study range from 6 to over 8 yr and are higher than for most syngnathids (see review by Foster & Vincent 2004) . In captivity, weedy and leafy seadragons live for up to 10 yr (Kuiter 2000 , Koldewey 2005 ). We have some evidence that Tasmanian seadragons (43°S) have a lifespan that exceed those in Sydney (34°S) by at least 2 yr. This is in accordance with experimental studies on fish that have shown that lowering temperature increases both median and maximum life span (Valenzano et al. 2006) .
Many studies have demonstrated that ectotherms, including fish, living in cold, high-latitude environments maintain annual growth rates nearly as high as those in warm, low-latitude environments, a phenomenon called latitudinal compensation (Yamahira et al. 2007 ). In our study, however, seadragons at higher latitudes (43°S, Hobart) had a lower growth rate than those of warmer waters (34°S, Sydney). To compare VB curves, the product L ∞ × k is more informative than just the parameter k (Gallucci & Quinn 1979 , Charnov 2010 ). In our case, the difference in this index is marked and significant (non-overlapping confidence intervals): NSW sites, L ∞ × k = 55.15 (95% CI = 44.71-66.91); TAS sites, L ∞ × k = 31.02 (23.18-39.75 ). Contrary to Bergmann's rule (Bergmann 1847) , that proposes a positive correlation between latitude and organism body size, seadragons were larger at lower latitudes. This is the opposite to the pattern observed in the seahorse Hippocampus abdominalis that does follow Bergmann's rule over the same NSW-TAS distance with considerably larger individuals in TAS compared to NSW (height 350 mm vs. 200 mm, K. Martin-Smith unpubl. data). In a previous study on syngnathids, Bergmann's rule was found to apply to Syngnathus pipefish while no relationship between size and latitude was found for Hippocampus seahorses (Wilson 2009) . A study on Syngnathus typhle found that body size varied significantly with latitude but not following a latitudinal gradient (Rispoli & Wilson 2007) . Linking the differences obtained in this study to latitude should be taken with caution, because we have studied seadragons in 2 different study regions only and other factors related to these particular areas studied, e.g. ocean productivity, may of course be relevant.
The growth curve estimated for NSW seadragons differs somewhat from that proposed in SanchezCamara et al. (2005) . The higher number of individuals and longer observation times, as well as the high correlation coefficient of the fitted equation with the data, lead us to believe that the new estimates are more accurate. The growth coefficient k is 1.52 yr -1 , higher than reported previously (1.18 yr -1 ; op. cit.), which means faster growth during the first months of life. We also estimated a L ∞ of 36.28 cm instead of the 42 cm previously used. Our estimate of a common birth date was 24 October, close to the 30 October reported in Sanchez-Camara et al. (2005) . We have used this common birth date because (1) much more individual data would be necessary to be able to assign a birth date to each aged individual and (2) although the birth period extends from August to December, we have observed most recruits appearing from the peak of brooding males from October to December (Sanchez-Camara et al. 2005) . In a study on captive seadragons, Forsgren & Lowe (2006) suggested a growth equation (L 0 = 3.2 cm, L ∞ = 28.50 cm, k = 2.2) that resulted in sizes similar to those estimated in the present study during the first 6 mo of life. However, that work used a L ∞ of 28.5 cm, clearly an underestimation that makes the curve for size-age relationships of older animals unreliable. For TAS, the low number of data points compromises the accuracy of the estimates, but there is a clear indication of slower growth rates, smaller asymptotic sizes, and delayed birth dates (ca. 3 mo) than in the more northerly study region. Later birth dates in the Southern region were expected because the breeding season of weedy seadragons is delayed (Baker 2000 , Woodfield 2002 ) and the gestation periods are longer (Forsgren & Lowe 2006) in colder waters.
Information on intermediate localities is necessary to firmly establish the existence of a latitudinal trend. To this end, 7 surveys were conducted in December 2007 in Twofold Bay (37°06' 29'' S, 149°55' 43'' E), Eden, NSW, and 11 seadragons measuring 22 to 28 cm (L s ) were found. In that month, settled juveniles observed in TAS were ca. 19 cm, while they were over 30 cm at the more northerly sites in NSW analyzed in the present study. Therefore, this location at intermediate latitude had intermediate sizes of juveniles, reinforcing the latitudinal trend.
Relevance to species conservation
Our data represent the first population monitoring of seadragons over ecologically relevant time and space scales. There are clear differences in the reproductive ecology and the growth rates of weedy seadragon populations at different latitudes. Patterns shared among populations that make them vulnerable are: low density, extremely low fecundity, life-time restricted home ranges in a threatened habitat, lack of a dispersive egg phase and low emigration and relocation rates. This is compensated by fast growth and high survival rates and a greater life span compared to most syngnathids (Foster & Vincent 2004 , Curtis & Vincent 2006 . This work also presents the first evidence of population declines in seadragons. The main concern is whether the declines have natural causes and are temporary, or are due to anthropogenic disturbances. Habitat loss is, after direct exploitation, the main cause of extinction in marine populations, but invasive species, climate change, pollution and disease, are included in the list of potential threats (Dulvy et al. 2003) . Kelp forest ecosystems, on which seadragons and their main prey, mysids, depend, are sensitive to climate change, to overfishing (removal of predators that leads to outbreaks of herbivores), and to coastal alteration, including increased construction, runoff, sedimentation, turbidity, and chemical pollution (Poloczanska et al. 2007 ). Therefore, declines in seadragon populations may be an indicator of a broader ecosystem health problem. Unfortunately, we did not monitor changes in the communities (e.g. changes in kelp cover or mysid abundances) during our study, so we cannot link our results directly to particular changes in the habitats. However, over recent years, the habitat of seadragons has been adversely affected by pollution (Connolly 2006 ) and invasive species ). Significant losses of giant kelp Macrocystis pyrifera have been documented over the past 20 yr in southern Australia (Edyvane 2003) , associated with increased water temperatures. Of special concern is how climate change and human activities can affect temperate macroalgal assemblages (Wernberg et al. 2009 ) on which the seadragons are highly dependent.
The special characteristics of seadragons including small home ranges, low migration and relocation rates, site fidelity and limited movements suggest they may benefit from marine protected areas (MPAs) more than other fish (Kramer & Chapman 1999) . Moreover, as occurs with syngnathids inhabiting seagrass beds (Shokri et al. 2009 ), the creation of MPAs based on the density of Phyllopteryx taeniolatus might simultaneously benefit other fish. 
